A novel Gram-stain-positive, strictly aerobic, endospore-forming, rod-shaped bacterial strain T was isolated from ripened Pu'er tea. 
The genus Pullulanibacillus was described by Hatayama et al. (2006) with Pullulanibacillus naganoensis as the type species on the basis of reclassification of Bacillus naganoensis, and the description was then emended by Pereira et al. (2013) . The genus Pullulanibacillus contains Gram-stain-positive, aerobic bacteria that are able to produce endospores. The peptidoglycan contains meso-diaminopimelic acid plus alanine and glutamic acid. The major quinone is menaquinone 7 (MK-7), the major cellular fatty acids are iso-and anteiso-branched, and the DNA G+C content is 39 mol% (Tomimura et al., 1990; Pereira et al., 2013; Hatayama et al., 2006) . At the time of writing, the genus Pullulanibacillus comprised only three species including Pullulanibacillus naganoensis, Pullulanibacillus uraniitolerans and Pullulanibacillus pueri (http://www.bacterio.net/pullulanibacillus.html). Strains belonging to the genus Pullulanibacillus have been isolated from Pu'er tea, soil and uranium mine tailing effluent (Tomimura et al., 1990; Pereira et al., 2013; Hatayama et al., 2006; Niu et al., 2015) . In this paper, we describe another novel bacterium related to Pu'er tea fermentation, and show it belongs to the genus Pullulanibacillus by means of a taxonomic study using a polyphasic approach.
Pu'er tea, a well-known traditional Chinese tea, is produced by a solid-state fermentation process using the sun-dried leaves of large-leaf tea species [Camellia sinensis var assamica (JW Masters) Kitamura] as the raw material. The microbial community is thought to play a crucial role in the formation of the special characteristics of Pu'er tea, which result from dramatic changes in the chemical components of the tea leaves. During the course of our investigation on the IP: 54.70.40.11
On: Sun, 04 Aug 2019 14:56:24 community structure of Pu'er tea based on a culture-dependent method, a strain, designated 7578-24 T , was isolated from a ripened Pu'er tea sample collected in Anning city, Yunnan province, China, by the spread-plate method on Luria-Bertani (LB, laboratory-prepared) agar medium at 37 C. The isolate was repeatedly streaked on LB plates to obtain a pure culture. The pure culture was preserved at À80
C as a suspension in LB broth supplemented with 17 % (w/v) glycerol. P. pueri YN3 T was isolated in our lab (Niu et al., 2015) . P. naganoensis DSM 10191 T and P. uraniitolerans DSM 19429 T were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany) and were cultivated according to their recommended procedures.
The phenotypic characterization included the characteristics recommended in the minimal standards for describing aerobic, endospore-forming bacteria (Logan et al., 2009 ) and was performed according to standard methods described by Dong & Cai (2001) and by using the API 20E and API ZYM systems (bioM erieux) according to the manufacturer's instructions. Light and electron microscopy analyses and analytical techniques were performed as described previously (Niu et al., 2008) . The Gram reaction was carried out according to the classical Gram-staining procedure described by Doetsch (1981) . Cell motility was examined by phase-contrast microscopy during the exponential growth phase. The oxidase reaction was performed on filter paper moistened with a 1 % (w/v) aqueous solution of N, N, N¢, N¢-tetramethyl-p-phenylenediamine, and catalase activity was determined by production of oxygen bubbles in 3 % (v/ v) aqueous hydrogen peroxide solution as described by Dong & Cai (2001) . Hydrolysis of aesculin, DNA, casein, starch, gelatin, pectin, xylan, hippurate, CM-cellulose and Tweens 20, 60 and 80 were assessed according to the protocol of Dong & Cai (2001) . The ability to hydrolyse pullulan was examined as described by Pereira et al. (2013) . H 2 S and indole production, nitrate and nitrite reduction, and the Voges-Proskauer reaction were determined by using the API 20E system (bioM erieux) according to the manufacturer's instructions. Growth under anaerobic conditions was determined after incubation in an anaerobic chamber for about 2 weeks. Growth at various temperatures (4, 10, 15, 25, 30, 37, 42, 45, 50, 52 and 55 C) was assessed on LB agar, and growth at different pH (pH 4.0-10.5 at intervals of 0.5 pH units) was assessed in LB broth. The different pH values were buffered with 200 mM Na 2 HPO 4 /100 mM citrate (for pH 4.0-6.0), 100 mM NaH 2 PO 4 /Na 2 HPO 4 (for pH 6.5-8.0) and 100 mM NaHCO 3 /Na 2 CO 3 (for pH 8.5-10.5). Growth in the presence of 0-7 % (w/v) NaCl (in increments of 1 %) was investigated in LB broth except that no NaCl was used initially. Substrate utilization studies were performed in Alicyclobacillus basal medium containing different substrates including sugars (0.5 %, final concentration), fatty acids (20 mM, final concentration) and amino acids (0.2 %, final concentration) according to methods described by Dong & Cai (2001) . The basal medium contained (l 
Cells of strain 7578-24
T were Gram-stain-positive, non-motile, straight or slightly curved rods, 0.7-0.9Â2.5-4.4 µm in size. The cells formed ellipsoidal endospores lying subterminally, in sporangia that were usually slightly swollen (Fig. S1 , available in the online Supplementary Material). Colonies of 7578-24 T were circular, smooth, glossy, convex, translucent and pale yellow when grown on LB plates. The diameter of the colonies was 1.0 mm after cultivation at 37 C for 48 h.
Strain 7578-24 T grew strictly aerobically and growth occurred from 20 to 50 C and at pH 6.0-8.0, with optimum growth at 30-37 C and pH 6.5-7.5, respectively. Strain 7578-24
T grew in LB medium containing 0-5.0 % (w/v) NaCl but not at 6.0 % (w/v) NaCl or above. Additional physiological and biochemical characteristics of the novel strain are summarized in the species description, and a comparison of selected characteristics with related type strains is shown in Table 1 . There were several phenotypic characteristics that differentiated strain 7578-24
T from phylogenetically related species. Strain 7578-24 T differs from P. pueri in terms of NaCl tolerance, motility, and activities of a-fucosidase and a-mannosidase, etc. The novel strain differs with respect to P. naganoensis in terms of pH and temperature ranges for growth, and gelatin hydrolysis, and from P. uraniitolerans by its ability to assimilate trehalose, mannitol and ribose as carbon sources.
The 16S rRNA gene was amplified using two universal primers (27F and 1541R) (Winker & Woese, 1991) . Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as previously described (Niu et al., 2015) . An almost-complete 16S rRNA gene sequence (1553 bp) of strain 7578-24 T was obtained and used for initial BLAST searches in the GenBank database and for phylogenetic analysis. Sequences were aligned using CLUSTAL W software (Thompson et al., 1997) . The distances were calculated according to the method of Jukes & Cantor (1969) . Phylogenetic trees were inferred using neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood methods (Tamura & Nei, 1993) . The robustness of the topology in the phylogenetic trees was evaluated by bootstrap analyses based on 1000 resamplings. The MEGA6.0 software package (Tamura et al., 2013) was used for all analyses. The resulting neighbour-joining tree based on 16S rRNA gene sequences is shown in Fig. 1 . Similar results were obtained using the maximum-parsimony and maximum-likelihood methods (Fig. 1) . The phylogenetic analysis showed that strain T formed a cluster with P. pueri YN3 T with a 99 % bootstrap value within the genus Pullulanibacillus. Strain 7578-24 T showed highest 16S rRNA gene sequence similarities to P. pueri YN3 T (97.8 %), followed by P. naganoensis ATCC 53909 T (95.5 %) and P. uraniitolerans UG-2 T (95.2 %). 
Utilization as single carbon and energy source Xylose T (95.5 %) and P. uraniitolerans UG-2 T (95.2 %), DNA-DNA hybridization between these strains was deemed unnecessary. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) incorporating the modifications described by Huss et al. (1983) , using a Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier temperature-controlling programmer. Strain 7578-24 T exhibited 35 % DNA-DNA relatedness with P. pueri YN3
T . In terms of DNA-DNA hybridization, the threshold value for the definition of a species is considered to be 70 % (Wayne et al., 1987) consequently our results strongly support that strain 7578-24
T may represent a novel species of the genus Pullulanibacillus.
For chemotaxonomic analyses, the biomass of the newly isolated strain was harvested from CYC agar plates [33.4 g Czapek-Dox liquid medium, modified (Oxoid), 2.0 g Bacto yeast extract (Difco), 6.0 g Bacto vitamin assay Casamino acids (Difco), 1000 ml distilled water, pH 7.0] (Hatayama et al., 2006) incubated at 30 C overnight. The chemotaxonomic analyses including the diagnostic isomers of diaminopimelic acid in the cell wall, the peptidoglycan structure, the wholecell sugars, the cellular fatty acids composition, respiratory quinones and polar lipids were carried out by the Identification Service of the DSMZ, Braunschweig, Germany. The diagnostic isomers of diaminopimelic acid in the cell wall were determined with established TLC procedures (Lechevalier & Lechevalier, 1980) . The amino acid and sugar analysis of whole-cell hydrolysates were performed as described by Staneck & Roberts (1974) using TLC on cellulose plates with the solvent system of Rhuland et al. (1955) . Cellular fatty acids were extracted using the method of Miller (1982) , with the modifications of Kuykendall et al. (1988) , and the profile of cellular fatty acids was analysed by GC using the Microbial Identification System (MIDI, Sherlock version 6.1; database, TSBA40; GC model 6890N, Agilent Technologies). Respiratory lipoquinones were extracted from 100 mg freeze-dried cells based on the two-stage method described by Tindall (1990a, b) . Respiratory lipoquinones were separated into their different classes (menaquinones, ubiquinones, etc.) by TLC on silica gel (Machery-Nagel Art. No. 805 023), using hexane/ tert-butylmethylether (9 : 1, v/v) as solvent. UV-absorbing bands corresponding to the different quinone classes (e.g. menaquinones or ubiquinones) were removed from the plate and further analysed by HPLC. This step was carried out on a LDC Analytical HPLC (Thermo Separation Products) fitted with a reverse phase column (Macherey-Nagel, 2Â125 mm, 3 µm, RP18) using methanol/heptane (9 : 1, v/v) as the eluant (Tindall, 1990a, b) . Respiratory lipoquinones were detected at 269 nm. Polar lipids were detected by two-dimensional silica gel TLC (Machery-Nagel; Art. No. 818 135). The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.), and the second in chloroform/methanol/acetic acid/ water (80 : 12 : 15 : 4, by vol.). Total lipid material was detected *Data from: a, Niu et al. (2015) Pereira et al. (2013) . †Result differs from the original description (45±2 mol%) reported by Hatayama et al. (2006) .
Pullulanibacillus camelliae 7578-24 T (KT438833)
Pullulanibacillus pueri YN3 T (KF733796)
Pullulanibacillus naganoensis ATCC 53909 T (AB021193)
Pullulanibacillus uraniitolerans UG-2 T (AM931441)
Tuberibacillus calidus 607 T (AB231786)

Sporolactobacillus inulinus NRIC 1133 T (AB101595)
Sporolactobacillus terrae M-116 T (AJ634662)
Sporolactobacillus laevolacticus M 8 T (D16270)
Sporolactobacillus putidus QC81-06 T (AB374522)
Sinobaca qinghaiensis YIM 70212 T (DQ168584)
Bacillus subtilis subsp. using molybdatophosphoric acid and specific functional groups detected using spray reagents specific for defined functional groups (Tindall et al., 2007) .
The cellular fatty acid profile of strain 7578-24 T is presented in Table S1 . Three fatty acids, C 18 : 1 !7c (45.4 %), anteisoC 17 : 0 (30.6 %) and anteisoC 15 : 0 (10.1 %), were the major cellular fatty acids, comprising approximately 86 % of the cellular fatty acids extracted. The fatty acid profile of strain T was similar to the phylogenetically closest-related taxon, P. pueri YN3 T , but there were differences in the proportions of some fatty acids. Strain 7578-24
T contained larger amounts of unsaturated fatty acids of C 18 : 1 !7c, which was present as a minor component in P. naganoensis DSM 10191
T and P. uraniitolerans DSM 19429 T (Table S1 ). Strain 7578-24
T had a cell-wall type A1g peptidoglycan with meso-diaminopimelic acid as the diagnostic diamino acid plus alanine and glutamic acid, but rhamnose was not detected, which supported the affiliation of strain 7578-24 T to the genus Pullulanibacillus. The menaquinone MK-7 was the only major respiratory quinone detected in strain 7578-24 T , which corresponded to the characteristic quinone found in members of the genus Pullulanibacillus (Hatayama et al., 2006; Pereira et al., 2013) . The polar lipid pattern of strain T was characterized by the presence of diphosphatidylglycerol, phosphatidylglycerol, five unknown phospholipids and one unknown aminolipid (Fig. S2 ). Diphosphatidylglycerol and phosphatidylglycerol are common to P. naganoensis, the type species of the genus Pullulanibacillus (Pereira et al., 2013) . The presence of diphosphatidylglycerol differentiates strain 7578-24 T from P. pueri (Niu et al., 2015) .
The G+C content of the DNA was determined by the thermal denaturation method (Marmur & Doty, 1962 ) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostatted 6Â6 multicell changer and a temperature controller with in situ temperature probe (Varian) with Escherichia coli K-12 as the reference. The DNA G +C content of strain 7578-24 T was 45.2 mol%. This value was higher than other members of the genus Pullulanibacillus, P. pueri YN3 T (38.7 mol%), P. naganoensis DSM 10191 T (40.8 mol%) and P. uraniitolerans DSM 19429 T (38.7 mol %) (Niu et al., 2015) , but the taxonomic position of strain T still lies in the same genus, as determined by 16S rRNA gene sequence analysis.
Therefore, on the basis of the polyphasic taxonomic data we propose that isolate 7578-24 T should be classified as representing a novel species of the genus Pullulanibacillus, for which the name Pullulanibacillus camelliae sp. nov., is proposed.
Description of Pullulanibacillus camelliae sp. nov.
Pullulanibacillus camelliae (ca.mel¢li.ae. N.L. gen. n. camelliae of Camellia, referring to the isolation of the type strain from fermented green tea, Camellia sinensis).
Cells are Gram-stain-positive, strictly aerobic, non-motile, straight or slightly curved rods, 0.7-0.9 µm in diameter and 2.5-4.4 µm in length. Ellipsoidal endospores are observed lying subterminally, in sporangia that are usually slightly swollen. Colonies on LB agar ware circular, smooth, glossy, convex, translucent, pale yellow, and 1.0 mm after cultivation at 37 C for 48 h. Growth occurs between 20 and 50 C (optimum 30-37 C), pH 6.0-8.0 (optimum pH 6.5-7.5). Growth occurs at NaCl concentrations in the range 0-5 % (w/v). Positive for catalase activity, alkaline phosphatase, Voges-Proskauer reaction, methyl red test and nitrate reduction. Negative for H 2 S production, indole production and nitrite reduction. The following enzyme activities are not detected: oxidase, DNase, valine arylamidase, esterase (C4), a-fucosidase, amannosidase, cystine arylamidase, trypsin, a-chymotrypsin, N-acetyl-b-glucosaminidase and a-galactosidase. Positive result for the hydrolysis of gelatin, but negative for the hydrolysis of pullulan, casein, Tweens 20, 60 and 80, xylan, CM-cellulose, starch, hippurate, aesculin, DNA and pectin. Utilizes glucose, xylose, mannose, mannitol, glycerol, ribose, rhamnose, sorbitol, xylitol, L-arabitol, fructose, salicin, L-ornithine and L-serine as sole carbon and energy sources. Cellobiose, maltose, L-arabinose, trehalose, glycogen, lactate, fumarate, L-histidine, D-asparagine and L-valine are not utilized as sole carbon and energy sources. The predominant fatty acids are C 18 : 1 !7c, anteiso-C 17 : 0 and anteiso-C 15 : 0 . The polar lipid profile consists of diphosphatidylglycerol, phosphatidylglycerol, five unknown phospholipids and one unknown aminolipid. The major respiratory lipoquinone is MK-7. The cell-wall type is A1g peptidoglycan with meso-diaminopimelic acid.
The type strain, 7578-24 T (=CGMCC 1.15371 T =JCM 31236 T ), was isolated from a ripened Pu'er tea sample obtained from a manufacturer in Anning City, Yunnan province, China. The DNA G+C content of the type strain is 45.2 mol%.
